Journal of the Arkansas Academy of Science
Volume 68

Article 6

2014

Solid State Dye Sensitive Solar Cells Based on ZnO Nanowire as
the N-type Semiconductor
S. AbdulAlmohsin
University of Arkansas at Little Rock, samir_mahdi47@yahoo.com

Follow this and additional works at: https://scholarworks.uark.edu/jaas
Part of the Atomic, Molecular and Optical Physics Commons

Recommended Citation
AbdulAlmohsin, S. (2014) "Solid State Dye Sensitive Solar Cells Based on ZnO Nanowire as the N-type
Semiconductor," Journal of the Arkansas Academy of Science: Vol. 68 , Article 6.
DOI: https://doi.org/10.54119/jaas.2014.6801
Available at: https://scholarworks.uark.edu/jaas/vol68/iss1/6

This article is available for use under the Creative Commons license: Attribution-NoDerivatives 4.0 International (CC
BY-ND 4.0). Users are able to read, download, copy, print, distribute, search, link to the full texts of these articles, or
use them for any other lawful purpose, without asking prior permission from the publisher or the author.
This Article is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion
in Journal of the Arkansas Academy of Science by an authorized editor of ScholarWorks@UARK. For more
information, please contact scholar@uark.edu.

Journal of the Arkansas Academy of Science, Vol. 68 [2014], Art. 6

Solid State Dye
Dye Sensitive Solar
olar C
Cells
ells Based on ZnO Nanowire as the N-type
N type
Semiconductor
S. AbdulAlmohsin
Department of Physics, University of Arkansas, Little Rock, AR 72204, USA
Correspondence: samir_mahdi47@yahoo.com
Running Title: Solid State Dye Se
Sensitive
nsitive Solar Cells on ZnO N
Nanowires
anowires

Abstract

Methods

We fabricated solid state dye
dye-sensitized
sensitized solar cells
with ZnO nanorods as the n-type
type material and
polypyrrole as the pp-type
type materia
material.
l. The ZnO nanorods
were grown on indium
indium-tin
tin ooxide
xide ((ITO
ITO)) glass by
electroche
lectroche
lectrochemical
mical methods for one hour. Scanning
electron micrographs of the ZnO nanowire (N
(NW))
indicated a length of about 1 micrometer and a
diameter of approximately 100
100--200
200 nm for the
nanorods
nanorods.. Polypyrrole
olypyrrole deposited on ITO/ZnO NW/
NW/dye
dye
and the fabricated device of IT
ITO
O glas
glass/ZnO
s/ZnO
nanorods/dye
nanorods/dye/polypyrrole/
olypyrrole/
olypyrrole/Ag
Ag showed a power
conversion efficiency of 1.29%

Glass coated with indium
indium-tin
tin oxide (ITO)
TO) was
supplied by SPI supplies ((West
West Chester, PA, U.S.A
U.S.A)..
The vertically aligned ZnO nanowire arrays were
fabricated on ITO glass substrates (SPI Supplies) by a
low temperature electrochemical method (Chen et al.
2011)
2011). T
The
he ZnO nanorod electrode was imme
immersed
rsed in an
3mM ethanolic solution of ruthenium dye (N719)
(Sigma
Sigma-Aldrich
SigmaAldrich
Aldrich) overnight, washed with ethanol and
then introduced to deposit ppolypyrrole
olypyrrole (PPY) by
electrochemical polymerization using platinum wire as
the counter electrode and 0.1 M of pyrrole mo
monomer
nomer
dissolved in acetonitrile and 0.1 M LiI salt with 2 volt
volts
as the applied voltage between counter and working
electrode for 3 min
min. The PPY thin film deposit
deposited
directly on the ZnO NW/
NW/dye.
dye. T
The
he electrode was then
placed on top of the PPY using silver paste.
paste.

Introduction
New concepts and devices that are challenging
photovoltaic applications based on pp-nn junction
junctions have
been reported
reported. Currently, exciton solar cells such as
organic (Chen et al. 2012)
2012),, hybrid organic
organic-inorganic
inorganic
(AbdulAlmohsin et al. 2012) and dye sensitive solar
cells (DSCs)
(DSCs)(Kenneth
(Kenneth et al. 2013) are promising
devices for in
inexpensive,
expensive, large scale solar energy
conversion. The most
most commonly used types are TiO2
nanoparticles and ZnO nanorods
nanoparticles
anorods as working electrodes
with Cu
CuSCN
SCN as a counter pp--type
type electrode (Umang et
al. 2012)
2012),, however we are using polypyrrole as a
counter electrode instead of C
CuSCN.
SCN.
Here we report on a solid
solid-state
state DSC consisting of
ZnO nanorods as a wide
de band gap material
material,, ruthenium
dye (N719) and poly
olypyrrole
pyrrole (PPY) doped by Li+ as a
hole transport conductor ((Fig
Fig. 1).. The mechanism of
the device is that iincoming
ncoming light is absorbed in the dye
monolayer and excites electrons from the highest
occupied molec
molecular
ular orbital (HOMO) to the lowest
unoccupied molecular orbital (LUMO)
(LUMO).. The excited
electrons are then injected into the conduction band of
the ZnO by tak
taking
ing an electron from the HOMO level of
the polypyrrole
polypyrrole.

Fig
Figure
ure1. Schematic of the ZnO/dye/PPY/Ag solar cells

Results and D
Discussion
iscussion
Figure 2 shows a scanning electron microscope
(S
(SEM
EM) top view image of a typical ZnO NW array
grown by the electrochemical process. The nanowires
had an average diameter of 100
100--200
200 nm and are
vertically aligned on the substrate
substrate. The surface of the
nanowire array is clean and free of particles and the
roots of the wires separated from each other - both are
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important factors that affect the performance of the
device of solar cells
In order to investigate the effects of ddye
ye on the
optical properties of ZnO NWs
NWs, the UV
UV-Vis
Vis absorption
spectra were
were measured for ZnO NWs with and without
dye N719 ((Fig.
Fig. 33).. The ZnO NW/
NW/dye
ye has strong
absorption peaks around 434 nm, 522 nm
nm,, and 673 nm
nm,,
the latter two being in the visible range
range.. The modified
ZnO NW with Dye N719 exhibit a strong increase in
absorbance over the entire measured range relative to
pristine ZnO NWs .
Figure 4.. Current density – voltage curves measured on PPy/Dye/
PPy Dye/
ZnO nanowire

Conclusion

Figure 22. SEM cross
cross-section
section image of ZnO nanowire arrays.

A solid
solid-state
state dye sensitive solar cell has been
fabricated using a vertically aligned ZnO nanowire
array as the working electrode and polypyrrole (Li+) as
the hole
hole-transport
transport materials
materials. The ssolid
olid state dye cells
give current densities of 7.3 mA/cm2 and
an a voltage
open
open-circuit
circuit voltage (Voc) of 0.
0.36
36 V
V.. The power
conversion efficiency is 1.29
29%
%, which is promising for
a solar cell application
application.
Literature Cited

Figure 33. UV
UV-Vis
Vis absorption spectra of ZnO NW and
ZnO NW/Dye

The current density versus voltage curve shown in
Fig.. 4 indicates that the ZnO NW with Dye shows
Fig
typical photovoltaic characteristics under illumination.
An open
open--circuit
circuit voltage (Voc) of 0.36 V and shortshortcircuit current density of 7.3 mA/cm2 was observed
with a fill factor of 0.
0.49
49.. The overall power conversion
efficiency of this solar cell is 1.29 % (Fig
(Fig.. 4).. The high
short circuit current leads to the hig
higher
her power
conversion efficiency due to the co
conductive
nductive polymer
Polypyrrole acts as the hole
hole-transport
transport material in the
solid State dye solar cells with N
N-type
type ZnO NWs.

AbdulAlmohsin SM and JB Cui
Cui.. 2012. Graphene
Grapheneenriched P3HT and pporphyrin
rphyrin --Modified
Modified ZnO
nanowire aarr
rrays
ays for Hybrid Solar Cells
Cells.. The
Journal of Ph
Physical
ysical Chemistry C 116:9433
116:9433-9438.
9438.
Chen KS
KS,, HL Yip
Yip,, CW Shlenker
Shlenker, DS Ginger and
AK Jen
Jen. 2012. Halogen
Halogen-free
free solvent processing for
sustainable development of high efficiency organic
solar cells. Organic Electronics 13(12):2870
13(12):2870-2878.
2878.
Chen H
H, W Li
Li,, Q Hou
Hou, H Li
Liu and L Zhu
Zhu. 2011.
Gro
Growth
th of three
three-dimensional
dimensional ZnO nanorods by
Electrochemical method for quantum dot
dotsensitized solar ccells.
ells. Electrochimica Acta 56(24):
8358
8358-8364.
8364.
Kenneth H
H, DJ Wilger
Wilger, ST Jones
Jones, DP Harrison
Harrison,
SE Bettis
Bettis, H Lno and T Meyer
Meyer. 2013. Electron
transfer of pepti
peptide
de-deri
derivvatized
atized Ru poly
olypyridyl
pyridyl
complexes on nanocrystal
nanocrystalline
line metal oxide film.
Peptide Science 100(1)
100(1):25
25-37.
37.
Umang VD
VD, C Xu
Xu,, J Wu and D Gao
Gao. 2012. S
Solid
olid sstate
tate dye -sensitized
sensitized solar cells based on ordered
ZnO nanowire arrays. Nanotechnology 23:205401
23:205401205406.

Jou
Journal
rnal of the Arkansas Academy of Science, Vol. 6688,, 201
20144
24
https://scholarworks.uark.edu/jaas/vol68/iss1/6
DOI: https://doi.org/10.54119/jaas.2014.6801

24

